WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
G11B 7/24, 20/00, 23/28 



Al 



(11) International Publication Number: WO 98/52191 

(43) International Publication Date: 19 November 1998 ( 19. 1 1 .98) 



(21) International Application Number: PCT/IL98/00217 

(22) International Filing Date: 12 May 1998 (12.05.98) 



(30) Priority Data: 
120836 



15 May 1997 (15.05.97) 



IL 



(71)(72) Applicant and Inventor: GAL-EZER, Ron [IL/IL]; 
HarofeJS&eet 50A*34362JHaifa (IL). 



(74) Agents: SANFORD, T., Colb et al.; Sanford T. Colb & Co., 
^O. Box 2273, 76122 Rehovot (IL)./ 



(81) Designated States: AL, AM, AT, AT (Utility model), AU f AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, CZ (Utility 
model), DE, DE (Utility model), DK, DK (Utility model), 
EE, EE (Utility model). ES. FI. FI (Utility model), GB, GE, 
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV f MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SK 
(Utility model), SL, TJ, TM, TO, TT, UA, UG, US, UZ, 
VN, YU, ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, 
SZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, XI, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, O, CM, GA, GN, ML, MR, NE, 
SN, TD, TG). 



Published 

With international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: CD WITH AUXILIARY ELECTRONIC CIRCUITRY 




PRIMARY 
MEMORY 
READ CONTROL 



(57) Abstract 

A memory disk (20) for insertion in a rotational drive (50), which includes an auxiliary circuit (27) fixed thereto. The auxiliary circuit 
(27) is coupled to access circuitry (66) associated with the drive (50) when the disk (20) is inserted therein, independent of the orientation 
of the disk (20) within the drive (50). The auxiliary circuit preferably includes a logic circuit, a processor and/or a secondary memory. The 
auxiliary circuit may be used to control access to the memory disk. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 




LT 




SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 




LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Phffd 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BP 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


DL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 
Congo 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cote d'lvotre 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/52191 



PCT/IL98/00217 



CD WITH AUXILIARY ELECTRONIC CIRCTJTTR V 

FIELD OF THE INVENTION 

The present invention relates generally to computer memory discs, and specifically to 
compact discs and compact disc readers. 

BACKGROUND OF THE INVENTION 
Compact discs (CDs) are the most common form of read-only memory storage for 
playback of recorded information, both of audio information and of computer records. Usually, 
the information is imprinted on one side of the CD, and is read by an optical reader within a CD- 
drive. 

CDs are generally a permanent form of data storage, and once a CD is written on, it is 
not possible to change or write over its contents. In some cases, however, it is desired to have a 
supplementary memory on the CD, generally smaller than the CD's read-only memory, that can 
be overwritten and updated. For example, computer games frequently have a feature of saving 
the game status or game scores. Such information cannot be updated on CDs currently in the 
market. 

CDs with a secondary memory are known in the art. For example, U.S. Patent 
5,1 19,353 describes a CD which contains a secondary EEPROM memory and a CD-drive which 
reads the contents of the primary and secondary memories of the CD. However, the CD-drive of 
U.S. Patent 5,119,353 is complicated. It does not allow reading the secondary memory while 
the CD is rotating, so that the CD must stop rotating and be properly aligned before the 
secondary memory is read. Therefore, it is not possible to read from both the read-only and 
secondary memories simultaneously. 

CDs are generally produced in multiple copies, by, on behalf o£ or under license from 
the owner of the information stored thereon. Until recently, apparatus for writing on CDs was 
very expensive, so that it was not economical for a home user to buy such apparatus in order to 
produce unauthorized copies of CDs. Therefore, there was no need for extra protection to 
prevent unauthorized copies. However, recently the price of apparatus for writing on CDs has 
dropped to a few hundred dollars, so that the need for data protection arises. 
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SUMMARY OF THE INVENTION 

It is an object of some aspects of the present invention to provide an improved CD 
which has an easily-accessed auxiliary circuit. 

In some aspects of the present invention, the auxiliary circuit is accessed simultaneously 
5 with reading of the primary, read-only memory. 

It is another object of some aspects of the present invention to provide an improved 
CD-drive which can access auxiliary circuits within CDs. 

It is another object of some aspects of the present invention to provide a method of CD 
data protection using a secondary memory or other auxiliary circuit within the CD. 
10 In preferred embodiments of the present invention, a CD includes an auxiliary circuit 

embedded within, or fixed on, the CD, at any suitable location, and electrical leads coupled 
thereto. The auxiliary circuit preferably includes a memory circuit, but alternatively or 
additionally may include a processor, a logic array or any other suitable circuit. When the CD is 
loaded into a drive having suitable access circuitry, the leads of the auxiliary circuit are 
1 5 electrically coupled to the access circuitry, regardless of the orientation of the CD within the 
drive. Preferably, the auxiliary circuit is electrically coupled to the access circuitry for the whole 
period the CD is within the drive. The CD is coupled to the access circuitry such that rotational 
movements of the CD do not substantially affect the electrical coupling. 

In some preferred embodiments of the present invention, the electrical coupling is 
20 achieved by means of a plurality of thin concentric rings of a conductive material, which are 
deposited on, or otherwise fixed to, the CD's surface. Preferably, the conducting concentric 
rings are located on the side of the CD from which the primary memory is read, most preferably 
adjacent to the outer or inner circumference of the CD, outside the area used by the primary 
memory. Alternatively or additionally, the rings may be on the side of the CD opposite the 
25 primary memory side. Further alternatively or additionally, the auxiliary circuit may be coupled 
to the access circuitry by means of contacts situated on the outer and/or inner edges of the CD. 

A CD-drive or player, in accordance with some preferred embodiments of the present 
invention, comprises in addition to a read head for reading the primary memory, such as an 
optical head, as is well known in the art, access circuitry for accessing the auxiliary circuit. In an 
30 exemplary embodiment, the auxiliary circuit comprises a secondary memory, and the access 
circuitry comprises a device for reading and, preferably, writing to the secondary memory. 
Preferably, for each concentric ring on the CD, the CD-drive includes a direct contact, referred 
to herein as a wiper, which contacts the CD and passes electrical signals to and from the 
auxiliary circuit. While the CD rotates, the wipers remain motionless in substantially constant 
35 contact with their respective rings. Thus, the CD player can access the auxiliary circuit at any 
time without delay and without interfering with reading the primary memory of the CD. 

Preferably, some or all of the wipers are held together in a single read/write arm, 
allowing easy, automatic positioning of the wipers on the CD. Further preferably, the wipers are 
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located in the CD drive diametrically opposite the read head, so that the wipers and read head 

do not interfere with each other. 

In other preferred embodiments of the present invention, signals are transferred to, and 

received from, the auxiliary circuit by non-contact inductive or capacitively-coupled transfer. 
5 Such non-contact transfer is known in the art and is widely used, for example, in smart cards. 

In some preferred embodiments of the present invention, the CD-drive is also compatible 

with CDs which do not have an auxiliary circuit. Preferably, the drive recognizes automatically 

whether the CD has an auxiliary circuit and accordingly applies the wipers, or other coupling 

leads, to the CD. Alternatively, the drive applies the wipers to the CD for a test period to check 
1 0 whether there is an auxiliary circuit within the CD. If no signals are received, the wipers are 

preferably removed from the CD. 

In preferred embodiments of the present invention, the auxiliary circuit comprises an 

integrated circuit, most preferably a non-volatile memory circuit. Alternatively or additionally, 

the auxiliary circuit may comprise one or more integrated circuits of any suitable type known in 
15 the art. Preferably, the integrated circuits are mounted on an electronic circuit board produced 

on a thin substrate, for example, a flexible or rigid printed circuit board laminate, a ceramic 

and/or other substrate material. It will be appreciated that the auxiliary circuit is not limited to 

one integrated circuit, but rather may include a plurality of integrated circuits located at any 

suitable positions within or mounted on the CD. 
20 In some preferred embodiments of the present invention, the auxiliary .circuit is 

embedded within the CD. Electrical conductors within the CD couple the auxiliary circuit to the 

contacts on the surface of the CD. 

In other preferred embodiments of the present invention, the auxiliary circuit is fixed to a 

surface of the CD in an area in which the auxiliary circuit will not interfere with reading from the 
25 primary memory. In some of these embodiments, the auxiliary circuit comprises a flexible 

printed circuit, which is attached to a surface of the CD. Preferably, the flexible printed circuit 

has an annular shape and includes the contact rings by means of which the CD drive accesses the 

auxiliary circuit. 

In some preferred embodiments of the present invention, the auxiliary circuit includes a 
30 secondary memory comprising a read/write memory or alternatively a read-only memory. 
Preferably, the secondary memory is non-volatile, so as to retain data stored on it even when the 
power connection is removed. 

In some preferred embodiments of the present invention, the auxiliary circuit includes a 
processor of any suitable type known in the art. Preferably, the processor is pre-programmed to 
35 carry out specific tasks. For example, the processor may be used to run software contained 
within the primary memory. In another example, the processor may count the uses of the 
primary memory and/or track the calendar date, and disable use of the CD after a predetermined 
number of uses or length of time. This feature is useful when the contents of the CD primary 
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memory are to be licensed or rented to a user for a predetermined period or number of uses, 
rather than sold outright. Thus, for example, the owner of a game can give bonuses in the form 
of extra periods of use to successful players. 

In some preferred embodiments of the present invention, the auxiliary circuit is used for 
5 CD copy prevention. 

In one such preferred embodiment, the auxiliary circuit includes a secondary memory, 
which is preferably copy protected, as is known in the art. The secondary memory contains 
identification information which is necessary in order to read and use the contents of the primary 
memory of the CD. Preferably, the primary memory contains a software program which includes 
10 a verification routine. The verification routine is run by a processor associated with the CD 
drive before and/or during the use of the software. The processor checks whether the 
identification information on the secondary memory matches a predetermined segment of the 
primary memory. Alternatively or additionally, the drive which reads from the CD is pre- 
programmed with the verification routine, and checks the identification information before 
1 5 reading from the CD. If a user makes an unauthorized copy of the CD, the secondary memory 
contents are not copied. As a result, the verification software routine will recognize that the 
required identification information is missing, and will prevent usage of the CD. 

In other preferred embodiments of the present invention, the identification information 
on the secondary memory is compared with an external code received, for example, from a 

2 0 smart card or directly from the keyboard. 

Alternatively or additionally, the contents of the primary memory are in encoded form, 
and the secondary memory includes a key needed to decode the primary memory. 

In further preferred embodiments of the present invention, the auxiliary circuit includes a 
PAL logic array and/or a processor which decode or perform other encryption processing with 
25 or on the contents of the primary memory or otherwise prevent unauthorized access to the 
primary memory. 

Preferably, the contents of the auxiliary circuit are copy-protected, as is known in the 
art, making it much more difficult to copy the contents of the auxiliary circuit than the primary 
memory. The auxiliary circuit preferably includes an integrated circuit containing protected 

3 0 read-only sectors which contain a chip-code, pre-programmed at the time of manufacture, as is 

known in the art. The CD-drive accesses the auxiliary circuit only if the chip code is correct. 
Copying such a code requires fabricating an integrated circuit, which is not feasible for 
individual users. 

There is therefore provided, in accordance with a preferred embodiment of the 
3 5 invention, a memory disk for insertion in a rotational drive, the disk including an auxiliary circuit 
fixed thereto, which auxiliary circuit is coupled to access circuitry associated with the drive 
when the disk is inserted therein, independent of the orientation of the disk within the drive. 
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Preferably, the auxiliary circuit is coupled substantially continuously to the access 
circuitry while the disk rotates in the drive. Further preferably, the auxiliary circuit is coupled 
substantially continuously to the access circuitry when the disk is within the drive. 

Preferably, the disk includes an optical primary memory. Further preferably, the disk 
5 includes a CD-ROM. 

Preferably, the auxiliary circuit includes a logic circuit. Alternatively or additionally, the 
auxiliary circuit includes a processor. Further alternatively or additionally, the auxiliary circuit 
includes a secondary memory. 

Preferably, the secondary memory includes a non-volatile electronic memory. Further 
10 preferably, the secondary memory includes a read/write memory. Most preferably, the 
secondary memory includes an EEPROM. 

Preferably, the auxiliary circuit is embedded within the disk. Alternatively or 
additionally, the auxiliary. circuit is fixed to a surface of the disk. 

In a preferred embodiment of the present invention, the auxiliary circuit contains a code 
1 5 for controlling access to the primary memory. 

Preferably, the disk includes a plurality of concentric conductive rings fixed to the disk 
and electrically coupled to the auxiliary circuit, for coupling the auxiliary circuit to the access 
circuitry. 

Preferably, the disk includes at least one insulating ring between a pair of adjoining 
20 conductive rings. 

Preferably, the primary memory is read from an area on a front side of the disk, and at 
least some of the concentric rings are fixed to a back side of the disk opposite the front side. 

Alternatively or additionally, the primary memory is read from an area on a front side of 
the disk, and at least some of the concentric rings are fixed to the front side. Preferably, the 
25 concentric rings are located outside the area from which the primary memory is read. - 

Alternatively or additionally, the auxiliary circuit is contactlessly coupled to the access 
circuitry. Preferably, the auxiliary circuit is inductively or electromagnetically coupled to the 
access circuitry. Further preferably, the auxiliary circuit is coupled to the access circuitry 
through RF signals. Preferably, the auxiliary circuit includes an antenna for contactless coupling 
30 with the access circuitry. Further preferably, the antenna includes concentric rings. Preferably, 
the auxiliary circuit includes a rectifier, for supplying energy to the auxiliary circuit. 

There is also provided, in accordance with a preferred embodiment of the invention, a 
rotating drive for receiving a disk having a primary memory and an auxiliary circuit, the drive 
including a read head for reading data from the primary memory, and access circuitry for 
35 communicating with the auxiliary circuit independent of the orientation of the disk within the 
drive. 

Preferably, the access circuitry communicates with the auxiliary circuit substantially 
continuously while the disk is in the drive. 
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Preferably, the access circuitry includes one or more wipers which contact ports on the 
memory disk that are electrically coupled to the auxiliary circuit. 

Alternatively or additionally, the access circuitry accesses the auxiliary circuit without 
closing a physical contact therewith. 
5 Preferably, the access circuitry includes an RF coupling circuit. 

Preferably, the access circuitry includes a contactless transceiver for power transmission 
and information transmission and reception. 

Preferably, the read head includes an optical head. 

Preferably, the drive receives disks having no auxiliary circuit, and wherein the read head 
1 0 reads data from such disks. 

Preferably, the drive determines whether disks received by the drive include auxiliary 
circuits. 

There is also provided, in accordance with a preferred embodiment of the invention, a 
method of reading data from a memory disk having a primary memory and an auxiliary circuit, 
1 5 including reading a code from the auxiliary circuit and controlling access to the primary memory 
based on the code. 

Preferably, controlling access to the primary memory includes comparing the code from 
the auxiliary circuit to a reference stored in the primary memory. 

Preferably, controlling access to the primary memory includes decoding the contents of 
20 the primary memory using the code. 

Further preferably, controlling access based on the code includes comparing the code to 
a reference external to the memory disk. 

There is also provided, in accordance with a preferred embodiment of the present 
invention, a method of reading data from a memory disk having a primary memory and an 
25 auxiliary circuit, including reading data from the primary memory and processing the data using 
the auxiliary circuit. 

Preferably, processing the data includes verifying a code stored in the primary memory. 
Preferably, processing the data includes decoding the data. 

Further preferably, processing the data includes running a software routine using a 
3 0 processor in the auxiliary circuit. 

The present invention will be more fully understood from the following detailed 
description of the preferred embodiments thereof, taken together with the drawings in which: 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of a CD with an auxiliary circuit, in accordance with a 
preferred embodiment of the present invention; 

Fig. 2 is a cross-sectional view of the CD of Fig. 1 taken along line II-II; 
5 Fig. 3 is a schematic illustration of a CD-drive in which the CD of Fig. 1 is inserted, in 

accordance with a preferred embodiment of the present invention; 

Fig. 4 is a sectional view of a CD with an auxiliary circuit, in accordance with another 
preferred embodiment of the present invention; 

Fig. 5 is a schematic illustration of a CD-drive in which the CD of Fig. 4 is inserted, in 
1 0 accordance with another preferred embodiment of the present invention; 

Fig. 6 is a flow chart illustrating a method for reading from a CD, in accordance with a 
preferred embodiment of the present invention; and 

Fig. 7 is a schematic view of a CD with an auxiliary circuit, in accordance with still 
another preferred embodiment of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 is a schematic illustration of a compact disk (CD) 20, in accordance with a 
preferred embodiment of the invention. CD 20 comprises a primary memory 25, preferably an 
optical memory, which is read from a primary memory area 22 on a front surface 23 of the CD, 
5 by an optical read head, as is known in the art. 

Fig. 2 shows a cross-sectional view of CD 20, taken along line II-IL The thickness of the 
CD is exaggerated for the sake of clarity of illustration. An auxiliary electronic circuit 27 is 
embedded within CD 20. Circuit 27 preferably comprises a secondary memory, most preferably 
including at least one memory chip 26, but may, alternatively or additionally, include a 

10 processing component and/or other circuit elements known in the art. Wires 28, preferably 
embedded in CD 20, connect auxiliary circuit 27 to a plurality of concentric, electrically 
conducting rings 24, for transferring power, ground and signals to and from memory 26, to 
enable reading from and, preferably, writing to the memory. 

Rings 24 are deposited on, glued to, or otherwise fixed to, surface 23. Preferably, rings 

15 24 are inside the inner bounds of area 22, as shown in Fig. 1, and/or beyond the outer bounds of 
the area, so as not to interfere with reading of primary memory 25. 

Rings 24 are preferably narrow, so as to take up minimal space on CD 20. Preferably, 
rings 24 comprise a highly conductive material such as gold-plated copper or aluminum. 

Preferably, at least two concentric rings 24 are fixed on CD 20, more preferably four 

20 rings 24. When four rings are used, as shown in Fig. 1, two rings 32 and 34 serve as power and 
ground connections, and the other two rings 36 and 38 are used for a serial data signal 
Alternatively, the same rings 24 may be used for both transfer of data and power, for example 
by modulating the information signals on the power supply signal, so that two rings may suffice. 
Preferably, a protocol such as the bus protocol, is used to control the serial bi-directional 

25 flow of data from and to circuit 27. The I 2 C protocol is described, for example, in "Application 
notes and Development Tools for 80C51 Microcontrollers", published in the Philips 
Semiconductors Data Handbook (January 1992), and incorporated herein by reference. 

Preferably, circuit 27 comprises an EEPROM or other non-volatile memory, but it may, 
alternatively or additionally, comprise a memory circuit of any suitable type known in the art, or 

30 a combination of memory circuits of different types. Further preferably, memory chip 26 and/or 
other components of circuit 27 are mounted on and coupled electrically to an electronic circuit 
board 29 printed on a thin substrate, such as a flexible or rigid printed circuit board laminate, or 
a ceramic or other substrate material known in the art, which is fixed to CD 20. Memory chip 
26 or other components of circuit 27 may be of any size used in the art, necessary for the 

35 specific purpose of the circuit. If circuit 27 is used for data protection, it is generally sufficient 
that memory 26 have a capacity of a few tens of bytes. Alternatively, if circuit 27 is used for 
saving game status information, it may have a capacity of 16K or more. 
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Fig. 3 shows a CD-drive 50 for reading CD 20, in accordance with a preferred 
embodiment of the present invention. CD 20 is placed within CD-drive 50 on a plate 52 coupled 
to a motor 54, which rotates plate 52 along with CD 20, as known in the art. An optical head 
60, also known in the art, is controlled by controller 62 to read the contents of primary memory 
5 25 of CD 20. 

Drive 50 comprises electrical contacts, referred to herein as wipers 64, which contact 
respective rings 24 so as to access the secondary memory on chip 26. Preferably, wipers 64 
comprise a conductive material with low friction and wear resistant characteristics, of any 
suitable type known in the art. Preferably, each of wipers 64 has two positions, a contact 
1 0 position in which it contacts its respective ring 24, and a rest position in which it does not form 
contact with CD 20. 

After CD 20 is inserted into drive 50, wipers 64 contact respective rings 24, and 
preferably remain in contact with the rings during the whole period during which CD 20 is 
within drive 50. Alternatively, to reduce wear on wipers 64 and rings 24, the wipers contact the 
1 5 rings only when it is desired to read from or write to auxiliary circuit 27. It is noted that this 
latter alternative is not necessarily slower than having the wipers in constant contact, since the 
wipers may be brought into contact with the rings before the actual read or write, without 
interfering with the reading of the primary memory of CD 20. 

Preferably, wipers 64 are electrically and mechanically coupled to access circuitry 66, 

2 0 which passes power and signals to and from auxiliary circuit 27 of CD 20 and controls the 

positions of the wipers with respect to rings 24. As shown in Fig. 3, wipers 64 are preferably 
situated diametrically opposite optical head 60 so as not to interfere with its operation. 

Preferably, drive 50 is compatible with CDs currently in the market. When a CD is 
inserted in drive 50, the drive recognizes whether the CD has an auxiliary circuit and 
25 accordingly applies the wipers to the CD. Preferably, wipers 64 are placed on the surface of CD 
20 for a test period. If contact is established with rings 24, drive 50 recognizes the existence of 
auxiliary circuit 27. However if no signals are received by wipers 64 the wipers are preferably 
removed from CD 20. 

Alternatively, the presence of auxiliary circuit 27 is recognized by means of optical, 
30 electrical and/or mechanical recognition of rings 24 or of an extra feature added for recognition 
purposes. Further alternatively, the user of CD-drive 50 sets the operation mode of the drive 
according to the type of the CD in use. 

Fig. 4 is a schematic, sectional illustration of a CD 90, in accordance with another 
preferred embodiment of the present invention. Information and power are passed between 

3 5 auxiliary circuit 92 of CD 90 and an access circuit 94 of a CD-drive 96, by inductive, capacitive 

and/or other electromagnetic coupling between access circuitry 94 and rings 24, which are 
coupled with circuit 92. There is substantially no physical contact between the access circuitry 
and the rings. Preferably, the coupling is achieved by means of KF or other electromagnetic 
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fields, as are known in the art of contactless smart cards, for example, as described in the 
"CardTech/SecurTech '96" Conference Proceedings, (CardTech/SecurTech Inc., Rockville, 
Maryland, May, 1996), which is incorporated herein by reference. 

Rings 24 and access circuitry 94 are preferably designed so as to optimize the inductive 
5 or electromagnetic coupling between them. Preferably, access circuit 94 comprises an antenna 
99, which transmits and receives the RF or other electromagnetic field to and from rings 24. 
Preferably, a conversion circuit 98, such as a full wave bridge rectifier, is connected to circuit 92 
and rings 24 and performs energy conversion from RF or other electromagnetic energy to DC 
power. It should be appreciated that in this preferred embodiment, rings 24 may be embedded 

1 0 within CD 90, since there is no physical contact between circuitry 94 and rings 24. 

Fig. 5 is a schematic, sectional illustration of a CD 120, in accordance with another 
preferred embodiment of the present invention. A front side 42 of CD 120 includes primary 
memory 25 of CD 120. A reverse side 44 of CD 120 includes concentric rings 24. Preferably, 
CD 120 includes enough rings 24 to allow parallel addressing of embedded secondary memory 

15 chips 26 or other components in auxiliary circuit 27. Preferably, CD 120 includes isolating rings 
46, situated between adjoining conducting rings 24 and protruding beyond rings 24 so as to 
guide wipers 64 onto rings 24, as described below. It is noted that the thickness of rings 24 and 
46 relative to surface 44 is exaggerated in the figures. 

As shown in Fig. 5, CD 120 includes an auxiliary circuit 27, comprising a plurality of 

20 memory chips 26, and a processor 118. Preferably, memory chips 26 and processor 118 are 
placed within CD 120 in such positions as to allow smooth rotation of the CD. It is noted that 
although chips 26 are preferably embedded within CD 120, some or all of chips 26 or processor 
1 18 may also be fixed externally to CD 120, for example on its back side 44. Processor 1 18 may 
be any processor known in the art such as a digital or analog processor. Processor 118 may be 

25 used, for example, to run a software package stored in the primary memory of CD 120. 

Fig. 6 shows another CD-drive 70, which is compatible with CD 120 of Fig. 5, in 
accordance with a preferred embodiment of the present invention. Drive 70 comprises an arm 
78, including a plurality of wipers 64, which engages rings 24 situated on side 44 of CD 120. 
Preferably, wipers 64 are narrower than rings 24, so as not to fit too tightly in grooves 49 and 

30 thus impede the rotation of CD 120. Drive 70 also comprises an optical head 60 which reads 
primary memory 25 from side 42 of CD 120. 

In other preferred embodiments of the present invention, not shown in the figures, rings 
24 may be situated on an outer edge 30 and/or on an inner edge 40 of CD 120. Alternatively, 
plate 52 of CD-drive 70 may include a raised hub, having electrical contacts thereon, which 

3 5 engage respective contacts on inner edge 40. 

Alternatively, the principles of the present invention may also be applied to produce a 
CD-drive in which the wipers comprise concentric rings and the leads of the auxiliary circuit are 
connected to small pads situated on the surface of the CD. The small pads remain substantially 
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constantly in electrical contact with the wipers, and thus the auxiliary circuit is in substantially 
constant contact with the CD-drive. 

Fig. 7 is a flow chart illustrating the steps performed by a CD-drive in reading from a 
CD with an auxiliary circuit 27 used for CD copy prevention, in accordance with a preferred 
5 embodiment of the present invention. In this embodiment, auxiliary circuit 27 comprises a 
secondary memory containing an identification code, which can be verified against all or part of 
the contents of primary memory 25 of the CD. The secondary memory is preferably copy 
protected, as is known in the art. Preferably, a verification routine is stored in the primary 
memory. Alternatively or additionally, the CD-drive is pre-programmed with the verification 
1 0 routine. 

A processor associated with the CD-drive or, alternatively, included in auxiliary circuit 
27 on the CD runs the verification routine and checks the identification code. The processor 
blocks access to the primary memory unless the secondary memory contains the correct code. 
Thus, illegal copies of the primary memory are substantially unusable without a copy of the 
1 5 secondary memory. Thus, it is also possible to copy-protect CDs which do not contain software, 
such as audio CDs. 

In preferred embodiments of the present invention providing copy protection, the 

auxiliary circuit preferably comprises a copy-protected read-only memory so that the 

identification code cannot be changed inadvertently or by intervention of a user of the CD. 
20 Alternatively, the secondary memory comprises read/write memory so that the verification 

routine may change the code periodically according to program instructions within the primary 

memory of the CD, in order to obstruct unauthorized code detection. 

The identification code may be checked for correctness in many ways. Preferably, the 

primary memory contains another copy of the identification code, and when there is an attempt 
25 to read from the primary memory, the codes are compared. If the codes match, the software 

reads the required sector of the CD. However, if the codes do not match, access to the primary 

memory is denied. 

Alternatively or additionally, the identification code on the secondary memory is 
compared to an identification code on external media, such as a magnetic card or a smart card. 

30 One advantage in using the secondary memory to hold the identification code is that the 

code may be read at any time, without interfering with reading from the primary memory. Thus, 
confirmation may be performed frequently, or a long and complex identification code may be 
used without impeding the use of the CD. 

Further alternatively or additionally, the contents of the primary memory are in encoded 

35 form. A processor associated with the CD-drive decodes the contents of the primary memory 
using the identification code within the secondary memory. The decoding process may include 
frequent access to the secondary memory, without impeding use of the primary memory, since 
such access does not interfere with reading the primary memory. 
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Fig. 8 shows a CD 140 in accordance with another preferred embodiment of the present 
invention. An auxiliary circuit 142 including a PAL 144, or other logic circuit, is fixed to a 
surface 146 of CD 140. Preferably, auxiliary circuit 142 comprises a flexible printed circuit 143, 
as is known in the art, which is attached to surface 146 using an adhesive or any other 
attachment method. Preferably, as shown in Fig. 7, printed circuit 143 is annular in shape and 
includes a plurality of concentric conducting rings 148, which provide electrical contact to 
auxiliary circuit 142, as described above. Alternatively, auxiliary circuit 142 may be imprinted, 
or otherwise deposited, on surface 146. 

In a preferred embodiment of the present invention, primary memory 150 of CD 140 is 
in encoded form. A CD-drive, such as drive 50 in Fig. 3, which reads the contents of primary 
memory 150, is programmed to pass these contents through PAL 144 in order to decode the 
information on primary memory 150. Since PAL 144 is copy -protected, unauthorized copies of 
CD 140 will not include a suitably-programmed PAL and will therefore be substantially 
unusable. 

It is noted that more than one auxiliary circuit may be incorporated within a CD. Thus, a 
CD may have two or more such circuits with separate contact systems, and possibly different 
purposes, accessed from different areas of the surface of the CD. 

Although the above preferred embodiments are described with reference to a CD with 
optical read-only memory, it will be understood to those skilled in the art that the principles of 
the present invention can be applied to other rotating data storage media, such as CD-R, DVD, 
DVD-R, CD-I (a new high density disk technology), or other memory disks known in the art, 
which store information optically, electronically, mechanically, or magnetically, for example. 

It will be appreciated that the preferred embodiments described above are cited by way 
of example, and the full scope of the invention is limited only by the claims. 
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CLAIMS 

1. A memory disk for insertion in a rotational drive, said disk comprising an auxiliary 
circuit fixed thereto, which auxiliary circuit is coupled to access circuitry associated with the 
drive when the disk is inserted therein, independent of the orientation of the disk within the 

5 drive. 

2. The disk of claim 1, wherein the auxiliary circuit is coupled substantially continuously to 
the access circuitry while the disk rotates in the drive. 

10 3. The disk of claim 1 or claim 2, wherein the auxiliary circuit is coupled substantially 
continuously to the access circuitry when the disk is within the drive. 

4. The disk of any of the preceding claims, wherein the disk comprises an optical primary 
memory. 

5. The disk of claim 4, wherein the disk comprises a CD-ROM. 

6. The disk of any of the preceding claims, wherein the auxiliary circuit comprises a logic 
circuit. 

20 

7. The disk of any of the preceding claims, wherein the auxiliary circuit comprises a 
processor. 

8. The disk of any of the preceding claims, wherein the auxiliary circuit comprises a 
2 5 secondary memory. 

9. The disk of claim 8, wherein the secondary memory comprises a non-volatile electronic 
memory. 

30 10. The disk of claim 8 or claim 9, wherein the secondary memory comprises a read/write 
memory. 

1 1 . The disk of claim 10, wherein the secondary memory comprises a EEPROM 

35 12. The disk of any of the preceding claims, wherein the auxiliary circuit is embedded within 
the disk. 
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13. The disk of any of the preceding claims, wherein the auxiliary circuit is fixed to a surface 
of the disk. 

14. The disk of any of the preceding claims, wherein the auxiliary circuit contains a code for 
5 controlling access to the primary memory. 

15. The disk of any of the preceding claims, and comprising a plurality of concentric 
conductive rings fixed to the disk and electrically coupled to the auxiliary circuit, for coupling 
the auxiliary circuit to the access circuitry. 

10 

16. The disk of claim 15, and comprising at least one insulating ring between a pair of 
adjoining conductive rings. 

17. The disk of claim 15 or claim 16, wherein the primary memory is read from an area on a 
1 5 front side of the disk, and wherein at least some of the concentric rings are fixed to a back side 

of the disk opposite the front side. 

18. The disk of claim 15 or claim 16, wherein the primary memory is read from an area on a 
front side of the disk, and wherein at least some of the concentric rings are fixed to the front 

20 side. 

19. The disk of claim 18, wherein the concentric rings are located outside the area from 
which the primary memory is read. 

25 20. The disk of any of claims 1-14, wherein the auxiliary circuit is contactlessly coupled to 
the access circuitry. 

21. The disk of claim 20, wherein the auxiliary circuit is electromagnetically coupled to the 
access circuitry. 

30 

22. The disk of claim 20, wherein the auxiliary circuit is inductively coupled to the access 
circuitry. 

23. The disk of any of claims 20-22, wherein the auxiliary circuit is coupled to the access 
3 5 circuitry through KF signals. 
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24. The disk of any of claims 20-23, wherein the auxiliary circuit comprises an antenna for 
contactiess coupling with the access circuitry. 

25. The disk of claim 24, wherein the antenna comprises concentric rings. 

5 

26. The disk of any of claims 20-25, wherein the auxiliary circuit comprises a rectifier, for 
supplying energy to the auxiliary circuit. 

27. A rotating drive for receiving a disk having a primary memory and an auxiliary circuit, 
1 0 said drive comprising: 

a read head for reading data from the primary memory; and 

access circuitry for communicating with the auxiliary circuit independent of the 
orientation of the disk within the drive. 

1 5 28. The drive of claim 27, wherein the access circuitry communicates with the auxiliary 
circuit substantially continuously while the disk is in the drive. 

29. The drive of claim 27 or claim 28, wherein the access circuitry comprises one or more 
wipers which contact ports on the memory disk that are electrically coupled to the auxiliary 

2 0 circuit. 

30. The drive of claim 27 or claim 28, wherein the access circuitry accesses the auxiliary 
circuit without closing a physical contact therewith. 

25 31. The drive of claim 30, wherein the access circuitry comprises an RF coupling circuit. 

32. The drive of any of claims 27-31, wherein the read head comprises an optical head. 

33. The drive of any of claims 27-32, wherein the drive receives disks having no auxiliary 

3 0 circuit, and wherein the read head reads data from such disks. 

34. The drive of claim 33, wherein the drive determines whether disks received by the drive 
include auxiliary circuits. 



15 



WO 98/52191 



PCT/IL98/00217 



35. A method of reading data from a memory disk having a primary memory and an 
auxiliary circuit, comprising: 

reading a code from the auxiliary circuit; and 

controlling access to the primary memory based on the code. 

5 

36. The method of claim 35, wherein controlling access to the primary memory comprises 
comparing the code from the auxiliary circuit to a reference stored in the primary memory. 

37. The method of claim 35 or claim 36, wherein controlling access to the primary memory 
1 0 comprises decoding the contents of the primary memory using the code. 

38. The method of any of claims 35-37, wherein controlling access based on the code 
comprises comparing the code to a reference external to the memory disk. 

15 39. A method of reading data from a memory disk having a primary memory and an 
auxiliary circuit, comprising: 

reading data from the primary memory; and 

processing the data using the auxiliary circuit. 

20 40. The method of claim 39, wherein processing the data comprises verifying a code stored 
in the primary memory. 

41. The method of claim 39 or claim 40, wherein processing the data comprises decoding 
the data. 

25 

42. The method of any of claims 39-41, wherein processing the data comprises running a 
software routine using a processor in the auxiliary circuit. 
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FIG. 2 
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